Over a dozen natural philosophers of the first half of the nineteenth century have been discussed by historians of science as possible contributors to the emergence of the doctrine of the conservation of energy. One figure who has not been discussed, yet who was deeply interested in the twin principles of the correlation of forces and the conservation of power and attempted to apply them in his work as a physiologist, was William Benjamin Carpenter (1813-1885), one of the most eminent physiologists in Britain during the mid-century. This paper traces the development of his ideas on force through the first forty years of his career, from the mid 1830s to the 1870s, examining a wide selection of his work. Carpenter's ideas on force were initially tentative; but as experimental evidence accumulated from both the life-sciences and the physical sciences, especially from the work of Justus Liebig, William Robert Grove, and Carlo Matteucci, his ideas became more explicit so that by the 1850s they became the basis for his physiology. By then, power or force (these two words were still often used interchangeably) and their principles of conservation and correlalation had become paradigmatic in his physiology, just as they had become key concepts for certain natural philosophers in the physical sciences. Correlation was always the main principle for Carpenter, even after he had heard of, and was acknowledging the brilliance of, Mayer's work on conservation. In seeing the conservation principle as subordinate to and, in a sense, contained within the correlation doctrine, Carpenter exemplifies the idea now current among historians of science that a so-called "simultaneous discovery" is rarely, if ever, simultaneous. Rather, an apparently simultaneous discovery is usually a coming together of disparate lines of investigation, where the different investigators ask different sets of questions; and it is only in hindsight that they appear to address themselves to a single core-idea or discovery.
William Benjamin Carpenter (1813-1885) developed by several natural philosophers, being given its most extensive and systematic form by William Robert Grove (1811-1896) in his Correlation of physical forces in 1846.5 Although the correlation of forces was a foundation-stone for the conservation of energy, Grove and his predecessors are not regarded as the key contributors to conservation itself. Yet, as Kuhn and other scholars have argued, a contribution such as his should not be omitted from the overall picture, since what came to be called in the second half of the nineteenth century the conservation of energy (or die Erhaltung der Energie) obtained its identity from several types of questions and discoveries which together built up the final doctrine.
If such be the case for Grove, there is in my opinion a similar case for the work of the English physiologist, William Benjamin Carpenter. At first sight it might seem surprising that a medical man was deeply interested in rigorous dynamical relations in nature but, as Kuhn's paper showed, this was by no means a province solely for physicists. Three of Kuhn's figures were working in the life-sciences, namely Helmholtz, Mayer, and Justus Liebig (1803-1873). Another figure whom Kuhn discussed in a footnote as a possible contributor, albeit briefly, was the London physicianphysiologist, Peter Mark Roget (1779-1869). ' Neither Kuhn nor later scholars have examined Carpenter's ideas on force and energy, yet Carpenter was developing them within his work as a physiologist during the 1840s, and in 1850 he declared his interest explicitly and at great length in a paper read to the Royal Society of London 'On the mutual relations of the vital and physical forces'. Some of his contemporaries were well aware of this contribution to the energy field. Balfour Stewart (1828-1887), professor of natural philosophy at the Owen's College, Manchester, in his book on The conservation of energy, being an elementary treatise on energy and its laws, acknowledged Carpenter's work thus: "Joule, -Carpenter and Mayer were at an early period aware of the restrictions under which animals are placed by the laws of energy, and in virtue of which the power of an animal, as far as energy is concerned, is not creative but only directive."7 William Rutherford (1839-1899), professor of physiology at King's College, London (1869-1874) and then in Edinburgh (1874-1899), described Carpenter's work in greater detail: "Much of the present aspect of physiology is owing to Ludwig, who introduced into biological study the graphic method of recording movement invented by Thomas Young; to Carpenter, who applied to physiological phenomena Grove's pnnciple of the correlation of force and so, much about the same time as Mayer and independently of him, paved the way to the application to physiology of Joule's late eighteenh and early ninet oenturies', Universty of London thesis, 1977. Hutton's interest in dynamics is discussed in the same chapter. Hutton is also dis d, along with Walker, in a paper by P. M. Heimann, 'Conversion of forces and the conservation of ergy', Centaurus, 1973- Carpenter' s contribution to the mid-century development in dynamics was borne out by one of the earliest reviews of his Royal Society paper. In the British and Foreign Medical Review of 1851, his paper was called ... the first systematic attempt that has been made, in this country at least, to work out the subject; and as it is mainly an expansion of the ideas which had been put forth in our own pages at the beginning of 1848, the author may claim priority . . . both of Dr. Fowler and Dr. Radcliffe, although to a cWrtain degree anticipated by Mr. Newport. We shall presently find, however, that both these gentleme were anticipated in a quarter they little guessed; and the whole case is obviously one of a kdnd, of which the history of physiology, as well as of other sciences, furnishes many examples-in which a connecting idea, developed in another department of inquiry, struck many individuals at once ... and was wrought out by them in different modes, and with different degrees of success, according to their previous habits of thought. ' Carpenter himself, though admitting a considerable debt to Grove's correlation theory and that Mayer was indisputably the first to state the conservation principle, claimed that he had made an original and much needed analysis of the relations (a) of vital forces one to another; and (b) of vital to physical forces. Such an analysis he thought essential if the correlation and conservation principles were to be admitted as real laws of nature and not merely as descriptive generalizations.
The principal aim of this paper will be to evaluate Carpenter's claim. But it will be useful, first of all, to give a biographical sketch of the man, for he is not well known even to medical historians and I wish to establish that, in England at least, his reputation was high and his ideas must have reached a wide and significant audience.
BIOGRAPHICAL SKErCH
I am aware of only one comprehensive study of Carpenter and by Carpenter is discussed; the other is by P. J. Bowler on 'The changing meaning of evolution',13 in which it is shown how Carpenter was one of the first to use the word "evolution" in the Darwinian (i.e., non-embryological) sense 
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Vance M. D. Hall Bristol he settled down to writing as his main source of income. Already, he had published several essays which were highly regarded,17 only one of which need detain us here for its relevance to his later work. That was a prize-essay on a subject proposed by Alison, 'On the difference of the laws regulating vital and physical phenomena' (1838); there, he argued that since "the term law expresses the conditions of action of the properties of matter" and nothing else, then there could, be "nothing essentially different in the character of the laws regulating vital and physical phenomena, either as to their comprehensiveness, their uniformity of action or the mode in which they are to be established by the generalization of particular facts".18 Moreover, since the properties of any piece of matter seemed to depend solely on its molecular constitution, he proposed that "vital properties are not added to matter in the process of organization; but those previously existing and hitherto inactive are called out and developed". As we shall see, this reductionism was to persist in his ideas on life and on forces, albeit with two modifications. First, as his physiology developed he became less confident that the properties peculiar to living organisms could be explained so easily; indeed, during the 1840s he adopted a somewhat vitalistic view, at least with regard to the processes of cell growth and reproduction. Second, his idea of latent properties being called out to manifest themselves, rather as latent heat was thought to manifest itself when the state of a heat-containing body was altered, would be discarded in the light of Grove's severe criticism of the concept of latent properties of matter. (1837) . One field where he could apply his extrapolations of von Baer's principle was sense-perception, a field that several physiologists had been investigating experimentally and with promising results.' Carpenter speculated that the specialized functions of sight, hearing, smell, and taste might be mere modifications of a fundamental sense of touch; such unity of functions accorded with his tentative belief in a unity among the powers which effected the inorganic phenomena of Nature, which he discussed in a paper in 1838: This hope also had theological value for him, since every step towards a comprehensive explanation of Nature was evidence of the beauty and harmony of the world and of the mind of its Creator.k
The quest for a unifying theory for vital and inorganic phenomena reappeared in his General and comparative physiology (1839). In its final pages much of the 1838 paper was repeated. He also attempted to reconcile the arguments of the vitalists (such as Charles Bell) with those of the mechanists; for instance, although admitting that some functions may be called truly "vital" in that they occur only in living systems, he nonetheless cited experimental evidence to argue that so-called vital powers or forces derive solely from the powers supplied to the organism in its food asExley, op. cit., note 28 above, p. 3. "T. Exley, 'On the laws of -hemical combinations and the volumes of gaseous bodies', Rep. Br. Ass. Advmt Sci., 1848, pp. 50-SI of transactions of the sections.
"Goethe had conducted nse-parceptionexperiment on himself. So had the German physiologistantomist Johannes Mtiller (1801-1858) and the Czech physiologist Jan Evangelista Purkyhie This reluctance to theorize prematurely can be seen in the gradual development of reductionism in successive editions of his Physiology; the later the edition, the more experimental evidence he could cite and the more explicitly reductionist he sounded.
If we take the first edition of General and comparative physiology, there is only one paragraph which really hints in this direction: "It has been one object of the foregoing pages to show that vital properties are as essentially connected with certain forms of matter, as are those usually denominated physical with matter under its more common aspects. One more question yet remains. Is it possible that the physical and vital properties of matter, which are at present our ultimate facts and axioms, may be included within a more general expression, common to both?"N That more general expression was to be none other than the correlation of all forms of force or power and the uncreatibility and indestructibility of power itself. Taking his work in chronological order, we find nothing new on this theme in the second edition" (1841). But there was new material in the first edition of his Principles of hwnan physiology"" (1842), where power was an important theme, particularly in the sections on respiration and sexual activity. On respiration, he discussed recent experiments on bees by a Mr. George Newport (1803-1854) who had shown that the quantity of oxygen they consumed was proportional to the heat they generated, indicating that animal heat had a purely chemical origin. To use Professor Grove's term, they are mutually correlated.... This correlation is incidentally noticed by Professor Matteucci in more than one of his writings; but he does not anywhere (to our knowledge at least), develop it as fully as it seems to us to deserve. For his attention has been fixed so exclusively upon the relation of the nervous force, as manifested in muscular motion, to electricity alone, that he has altogether overlooked the corresponding relation which it bears to those other forces to which electricity is itself correlated.... 57 In his new review Carpenter intended to make up this deficiency of Matteucci's by indicating other probable correlations between vital and inorganic agents. He first chose heat, pointing out that when it is applied to motor nerves, muscle contraction ensues, and when applied to sensory nerves, sensation results. Conversely, there were instances when the production of animal heat could not be explained by "the purely chemical doctrine of calorification" and which indicated that nerve-force might generate animal heat; for instance, sectioning of the spinal cord of a warm-blooded anmal was seen often to produce an elevation of temperature in the parts of the body below the section. Therefore, one might conclude that there was "a relation between these two agencies of the same kind with that which exists between the nervous force and electricity, though less intimate in degree."f58 due to a correlation between the stimulating force and the force (of whatever kind) which is the result of the operation. Thus heat is commonly said to be a stimulant to the process of nutrition.... But it may be reasonably asked, whether the heat does not operate by directly producing the chemical affinities on whose action these processes iiatel depend; and whether these again are not similarly correlative to the vital force which the tissue, when once generated, is found to possess. We are inclined to believe that such will ultimately prove the case: and we offer the speculation, crude though it may at present seem to be, because we think it may serve to give a useful direction to scientific inquiry. ' The review ended by emphasizing that a much more intimate relation exists between physical and vital phenomena than had been thought hitherto. Into this pattern the correlation principle fitted most neatly. The only reservation he now expressed was that the correlation theory embraced only the material functions of the organism and not the entirely different phenomena of the mind.
We come now to Carpenter's Royal Society paper 'On the mutual relations of the vital and physical forces'.6" We might well consider this as the high-water mark of his scientific career. It is almost certain that he himself thought so, for it was the solution to the question he had asked in the first edition ofhis General and comparative physiology, namely "Is it possible that the physical and vital properties of matter ... may be included within a more general expression common to both?"" He had probably been evolving the argument of his Royal Society paper since some time in 1847, for in that year he twice floated it for discussion at the June meeting of the British Association for the Advancement of Science; in a letter to his wife on 25 June he wrote: "In the Medical Section, where I spent most ofthis morning, I gave some views which I had formed on the correlation of the Vital and Physical Forces suggested by Mr. Grove's pamphlet. I shall bring these forward also in the Physical Section, where I think they will be better appreciated."'" Since Schwann (1810-1882) . Since all forces operated through a common instrument, the cell, and since all cells in any organism descended from one initial cell, and since in unicellular organisms all functions and forces operated without specialization, all forces in life could therefore be called collectively "cell force". By "cell force" Carpenter did not mean another ontological, incomprehensible "vital force"; the phrase was meant to be like the term "engine-power", which everyone knew was simply a convenient expression for the conversion of heat to mechanical motion in steam engines.75
A correlation among vital forces accounted neatly for various physiological phenomena, for example the debility following excessive sexual indulgence. This example had occurred in his Human physiology, in words similar to those he now used:
That a relation of reciprocity exists between the forces concerned in the growth, development and maintenance of the individual organism, and those which are employed in the generative act-so that an excessive expenditure of either diminishes the amount of vital force which is applicable to the other-is an idea so familiar to physiologists that the author need not dwell here upon it, further than to point out how completely it coincides with, and illustrates, the view for which he is contending.7' Correlation also explained another physiological process, the interaction between nerve-power and muscle contractility. On this he particularly cited Matteucci's work, seeing Matteucci's Lectures as corroborating his own conclusions which, he emphasized (as he had done in the 1848 review), he had reached independently. Carpenter closed section II with a physiological version of correlation: so close a mutual relation exists among the forces in life that they might be considered modes of a common cell-force. This also implied (in my opinion) a conservation, or at least a non-creation, of vital power, for only then could his assertion that an organism becomes exhausted following overactivity of any one function, of the sexual function for instance, have a real basis. Indeed, (in my opinion) it would have been pointless to construct a correlation theory for vital forces as rigorously as he tried to do, and there could have been no prospect of testing that theory, if Carpenter had not envisaged the organism as a non-creator of power, just as physicists already envisaged machines. Although section II contained no explicit assertion of conservation of power or force, section III developed along that line. 
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William Benjamin Carpenter (1813-1885) Section III was called 'Relations of the vital and physical forces'. Once again, Matteucci was cited, for he had apparently disproved an identity between nerve-force and electricity. However, Carpenter discussed the evidence for their correlation or mutual convertibility-electricity passing through nerve-fibres developed nerve-force, and nerve-force when acting on special apparatus developed electricity." He also cited Johannes Miller's (1801-1858) principle of specific nerve sensations,78 which accorded with the correlation theory, and suggested to him that the relation between electricity and nerve-force was analogous to that between electricity and magnetism, nerve-force being an effect of electricity in a nerve-fibre, and magnetism being an effect of electricity in iron. Experiments by Humphry Davy, Faraday, and Matteucci on electric fish were cited, for their electrical effects had been found to be "in precise accordance with the amount of nervous force which is transmitted".7' Carpenter therefore concluded that there was a quantitative as well as a qualitative relation, namely a conservation, between the nervous and electric powers during their interconversion.
As in his 1884 review, he also discussed the likely correlations between nerveforce and physical forces other than electricity, namely heat, chemical affinity, light, and motion. On animal motion he cited Mfiller's Physiology and again hinted at a conservation of power: "That the motor force thus generated is always proportional, caeteris paribus, to the degree of nervous power exerted will be (the author believes) disputed by no physiologist . . .".80
The least substantiated correlation was between nerve-force and magnetism, on which he cited the researches of Baron Karl von Reichenbach8l (1788-1869) and Faraday, which indicated a likely connexion.
On correlations between physical forces and vital forces other than the nervous there was abundant evidence. For instance, he adopted Liebig's recent explanation of muscle-force; since his words summarize his and Liebig's ideas and aims in physiological dynamics so well, they merit quotation in extenso:
These agencies (electricity, heat etc.], however, do not appear so directly concerned in the production of the motor power, as in occasioning that metamorphosis of living, organized tissue into chemical compounds, whereon the development of the muscular force seems to be immediately dependent. It is now universally admitted that the disintegration of a certain amount of muscular tissue, and the new arrangement of its components in combination with 77 oxygen supplied by the blood, is necessary for the development of its contractile force; and the considerations adduced by PROFESSOR LIEBIG render it highly probable that the muscular contraction may be regarded as proceeding from the expenditure or metamorphosis of the cell-force, which ceases to exist as a vital power, in giving rise to mechanical agency. The amount of muscular force developed appears to bear an exact correspondence with the amount of urea formed by the metamorphosis of the muscular tissue; and this metamorphosis involves the cessation of its existence as a living structure, and consequently the annihilation of the vital forces which that structure possessed. We are, then, to regard the nervous, electrical and other stimuli, under whose influence the muscular force is called forth, less as the immediate sources of that force, than as furnishing the conditions under which the vital force, acting through the muscle, is converted into the mechanical force developed in its contraction.8'
Carpenter considered it relatively easy to correlate the forms of vital force mentioned so far with physical forces. A greater challenge was to show how physical forces effected growth and development, an endeavour he had considered hopeless up until 1848. One of the strongest evidences was the simple fact that growth occurs only where light and/or heat attain a certain level. The boldest hypothesis for growth being totally dependent on these physical forces had been proposed by Jean Baptiste Boussingault (1802-1887), the French chemist who had turned his attention to agricultural and physiological chemistry. Boussingault suggested that each type of plant requires a characteristic quantity of sunlight and heat during its normal lifetime, in other words a definite amount of energy, wherever it grows; its rate of growth would be directly proportional to the rate at which it receives light and heat, and its organizing force would be equivalent at all times to its intake of solar power.83 Carpenter cited him eagerly, for his and others' researches had shown that heat was not merely a stimulus upon an organism, but that it actually participated in the dynamics of the creature's life, manifesting itself as "vitality". In Carpenter's opinion, this .. . accords with the fact of the restoration to the inorganic world-under some form or other-of all theforce thus withdrawn from it."" Clearly, the inorganic and organic worlds together constituted a closed system of power or force.
Carpenter believed this view differed significantly from that of other physiologists, a difference especially evident from their accounts of embryological evolution. This difference rested on Grove's correlation theory as applied to physiology, particularly Grove's critique of latent force:
According to the doctrine current among some physiologists, the whole 'organizing force', 'nisusformativus', or 'bildwnstrieb, which is to be exerted in the development of the complete structure, lies dormant in this single cell, the germ (it has been affirmed) being 'potentially' the entire organism. And thus all the organizing force required to build up an oak or a palm, an elephant or a whale, is concentrated in a minute particle, only discernible by microscopic aid. As a refuge from this doctrine, . . . other physiologists, (among whom the author formerly ranked himself), have affirmed that vital force must exist in a dormant condition in all matter capable of becoming organized; that the germ cell, in drawing to itself organizable materials, and in incorporating these into the living structure, does nothing else than evoke into activity their latent powers; and thus that, with every act of growth and cell-multiplication, new vital force 82 Carpenter, is called into operation, whereby the process is continually maintained. This proposition does not involve any manifest absurdity.... The views of PROFESSOR GROVE, however, strike at the root of the notion of latent force of any description whatever; all force once generated being, in his estimation, perpetually active in one form or another; and its supposed 'latency' being a hypothetical condition, the idea of which is quite unnecessary when the force which has ceased to manifest itself is recognized under some other form. Thus, in his view, when iron is rendered magnetic by an electric current, the development of the magnetic force is rather to be looked on as the result of the conversion of the electric, by the instrumentality of the iron, than as a case of the excitation of one force previously dormant by another which is expended in thus evoking it. Such an analogy should rather lead the physiologist to look for some extraneous source of the organizing force; and to suspect that when organizable materials are applied to the extension of a living structure, and are caused to manifest vital forces, some agency external to the organism is the moving spring of the whole series of operations. And thus, according to the view here advocated, the vital force which causes the primordial cell of the germ first to multiply itself, and then to develop itself into a complex and extensive orgamsm ... is directly and immediately supplied by the Heat which is constantly operating upon it, and which is transformed into vital force by its passage through the organized fabric that manifests it."" Heat was not the only physical force known to effect growth and development. William Fr6ddrick Edwards (1776-1842) had studied the effect of light on the metamorphosis of batrachia;8f6 the Scandinavian naturalist, J0rgen Christian Schiddte (1815-1884), had investigated the non-development of eyes of subterraneous creatures like Proteus anguineus and Amblyopsis spelaeus;87 Matteucci had investigated the influence of electricity on life. Such researches gave Carpenter evidence for his argument.
In the paper's concluding paragraphs Carpenter summarized his dynamical worldpicture. He envisaged a continuous interchange and metamorphosis of matter and force between the inorganic and organic realms; the world was a closed system, within which the correlation (and by implication the conservation) of force/power and the conservation of matter were its fundamental, unifying principles. Matter and force were both real, but the chief was force: "So that, on the whole there is strong reason to believe that the entire amount of force of all kinds (as of materials) received by an animal during a given period is given back by it during that period, his condition at the end of the term being the same as at the beginning".88
In Carpenter's Royal Society paper we see how several ideas, only tentative in his previous writings, were now explicit. He emphasized this in a footnote on the first Vance M. D. Hall page, stating that the mutual relations of vital and physical forces had occupied his attention for several years, at least since his 1848 review of Matteucci's Lectures. In that footnote he also cited a paper by Dr. Richard Fowler, entitled 'If vitality be a force having correlations with the forces, chemical affinities, motion, heat, light, electricity, magnetism, gravity, so ably shown by Professor Grove to be modifications of one and the same force'89 (1849), in which Fowler had reached similar conclusions to him and Matteucci. Carpenter declared that he had not known of Fowler's work until an abstract appeared in the British Association for the Advancement of Science Report for 1850, and he therefore claimed priority. Besides, he also claimed priority for developing the topic systematically, which would "give it a claim to the consideration of physicists and physiologists, such as it scarcely deserves from the treatment which it has received from Dr. Fowler".'0 Interestingly, Carpenter did not mention Helmholtz in his paper, even though he discussed that aspect of muscle contraction to which Helhholtz's research in the mid 1840s had contributed so much and from which Helmholtz's own ideas on energy conservation derived. Apparently, he was unaware of Helmholtz's paper 'Ober die Erhaltung der Kraft' (1847) which has become the locus classicus for the enunciation of the conservation of energy and on which historians naturally have focused. Indeed, it is highly likely that he did not know of that paper as it was barely known, and even less appreciated, in Germany itself, and had not been translated. Without a doubt, then, the figure who most influenced him on conservation was Liebig, although he himself was more interested in the correlation theory, where Grove was his mentor.
What was the impact ofthe Royal Society paper? This is an issue yet to be explored in greater depth than I have been able to do, but we get an impression from the lengthy review of it which appeared in the British and Foreign Medical Review. We have already seen one paragraph from that review, where three others-Drs. Fowler and Radcliffe and Mr. Newport-were acknowledged for their work on the same theme. The reviewer was impressed by Carpenter's argument and emphasized those points where Carpenter had departed significantly from other physiologists, for instance on whether external physical agents are mere stimuli or whether they really participate in the dynamics, the very mechanism, of life. The reviewer agreed with Carpenter It is perhaps no coincidence that between the second edition of General and comparative physiology, where there was scarcely any natural theology of force, and the third edition where it was conspicuous, Carpenter underwent a religious renewal. He had never lost his Unitarian faith; indeed, with a father such as he had it would have been difficult to do so, but from about 1846 he found a new and exceptionally congenial spiritual home at Rosslyn Hill Church, Hampstead, where for the next seventeen years he was organist. At the same time he began to read the German biblical scholars-Strauss's Life of Jesus and Gforer's Origin of Christimity in particular. He also became deeply interested in St. John's Gospel.9" It is therefore highly probable that the new quasi-theological passages in his physiological writings, particularly those on the correlation of forces, represented profound aspects of his general world-view; they were not mere glosses to enliven dry science." (3) Carpenter discussed the primary role of the sun in the dynamical system of the world. One likely reason for this was that he had read and was quoting John William Draper's (1811-1882) recent treatise on Forces which produce the organization of plants100 (1845). Draper In this essay Carpenter still admitted the reality of both matter and force; but force seemed to be growing in stature, for it was the paradigm which most promised a unified comprehension of all natural phenomena. Carpenter also believed that it would enable him to construct a physiology of the mind as well as of the body. He wrote: "We shall have greatly failed in our purpose, however, if we have not by this time led our readers to perceive how complete is the distinction between matter and force, and close is the relation between force and mind. Matter is in no case more than the embodiment or instrument of force; all its so-called active states being merely the manifestations of an energy which, under different forms, is unceasingly operative."1"6
In the sixth, much revised edition of his Human physiology'07 (1864) the conservation of energy was at last discussed explicitly. This edition was edited by his young physiologist friend, Henry Power (1829-1911), who rewrote almost the entire book to keep down its length. The first two chapters, however, were Carpenter's own original composition, and chapter I, 'Of life and its conditions', was essentially the physiological application of the correlation and conservation principles, in which his earlier ideas became explicit. He discussed those philosophers, besides himself, whom he considered had made original and seminal contributions to those principles, namely Liebig, Mayer, Grove, and Joule. In a section on the origins of nervous and muscular forces Carpenter appended two noteworthy footnotes. One enumerated again the architects of the correlation and conservation principles, but this time conservation was spoken of as a distinct theory in its own right.'08 The other footnote mentioned later, less original contributors to the theme, among whom was Helmholtz.'09 In the text Carpenter argued that animal life entails a continuous expenditure of motor force, heat, and, in the case of man, psychic power, and that these derive from chemical force stored in the body's tissues and food. Again, Liebig was acknowledged as the originator of this view, although he felt that Liebig's ideas were being superseded: tion as simply a consequence of its death. The doctrine of the 'correlation of forces' being at that time undeveloped, he was not prepared to recognize a source of motor power in the ulterior chemical changes which the substance of the muscle undergoes; but seems to have regarded them as only concerned in the production of heat. The earliest distinct expression of the current doctrine is to be found in the very remarkable treatise of Dr. Mayer, in which he worked out from the two fundamental axioms "Ex nihilo nilfit" and "Nilfit ad nihilum", the whole system of doctrine which has since come to be known as that of the 'correlation of forces' and the 'conservation of force', in its application alike to physics and chemistry and physiology. Prof. Grove was simultaneously engaged in the development of the doctrine of the 'correlation of the physical forces'; and without any knowledge of Dr. Mayer's previous labours, the author of this treatise developed the doctrine in the form stated in the text, in his memoir 'On the mutual relations of the vital and physical forces', published in the Philosophical Transactions for 1850.110 This passage is important for the historian of mid-nineteenth-century dynamics, particularly vis-d-vis physiology, since it illustrates both the simultaneity of various expressions of the force-principles as well as their differences. From the point of view of physiology, it is useful since it reveals the extent, as well as the limitations, of Liebig's contribution. It also shows how Carpenter considered the primary principle to be correlation, with conservation only a special aspect ofit, whose explicit announcement occurred in the metaphysical work of Mayer. This supports my contention that Carpenter's idea of correlation entailed a rough awareness of conservation, and that the former made rigorous sense only if there was an implicit admission of the latter, or at least of the non-creatibility of force. Carpenter apparently thought these two principles so intimately related that they were two sides of the same coin. Only thus can one explain his lack of enthusiasm for conservation per se, for he regarded it as only a slight modification of Grove's more empirical, less speculative, principle of correlation. In his opinion, the latter was the result of extensive experimentation and careful reflection by eminent practising scientists like Liebig, Grove, and Matteucci, not to mention himself, whereas conservation was the metaphysical brainchild of an obscure medical practitioner-albeit a remarkable brainchild, as he readily admitted.
The last of Carpenter's works I shall discuss is his Presidential Address to the British Association for the Advancement of Science in 1872, entitled 'Man the interpreter of Nature'.111 Departing from the custom for the president to review developments in a particular science, he preferred to give a general philosophic lecture whose main concern was to check the growing belief that, through science, man might fully understand Nature 
